Introduction
External beam radiotherapy is a common treatment in the management of prostate cancer as definitive, postoperative, or salvage local treatment [1] . However, chronic urinary tract complications can occur in 5.7-11.5% of patients treated with radiation therapy, and may occur up to 10 years after initial treatment [2, 3] . Radiation-induced hematuria may occur in 2.6-12.1% of patients; however, hemorrhagic cystitis is a rare event [4] [5] [6] .
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Materials and Methods
After institutional review board approval, we retrospectively reviewed records from the HBO therapy center at Veterans Affairs Long Beach Healthcare System, where patients were treated for radiation cystitis due to prostate cancer therapy from April 2000 to March 2010. Details of the radiation total dose, dose per fraction, and technique were documented.
Patients were diagnosed with radiation cystitis based on gross hematuria and/or compatible findings on cystoscopic examination. Hemorrhagic cystitis was defined as hematuria requiring intraoperative clot evacuation or blood transfusion (>2 U packed red blood cells). Using a modified classification of the Radiation Therapy Oncology Group (RTOG) grading criteria for radiation morbidity, a grade was assigned regarding the severity of the hematuria ( table 1 ) [3, 11] .
Each patient was planned for 30 sessions and scheduled for only a single session on a given day excluding weekends. Patients received 100% oxygen at a pressure of 2.4 ATA for 90 min per treatment 5 days per week. HBO cure was defined as no gross hematuria documented in the chart after the last HBO treatment was completed. If the patient received a second dose of HBO, this was documented and the cure rate was considered no hematuria after the last dose of HBO.
We retrospectively reviewed PSA (ng/ml) levels from before prostate cancer diagnosis to the most recent PSA in the medical record with particular interest on PSA levels around the time of HBO. As nadir PSA is not well documented, in order to use the Phoenix criteria [12] , those with PSA values >2.0 ng/ml were considered to be at the highest risk for progression. PSA values were then compared using the Mann-Whitney test and Wilcoxon signed rank test.
Other statistical analyses consisted of using the Mann-Whitney or Fisher's exact test for nonparametric and small population size as well as logistic regression for multivariable analysis.
Results
Twenty-two patients were identified from April 17, 2000, with follow-up until March 23, 2010. Pertinent demographics are shown in table 2 . Seventy-two percent (13/18) of patients had a known Gleason sum of ≤ 6 and were treated with external beam radiotherapy at a mean dose of 70 Gy (SD = 4 Gy). Patients that received above or below 70 Gy did not have large differences in the need for upper tract diversion (<70 Gy 25%, 1/4, and >70 Gy 30%, 3/10, p = 1.00). Only 64% (14/22) of the patients had adequate information regarding the dose of radiation received and 36% (8/22) had salvage radiation therapy. Most patients (91%, 21/23) presented with RTOG grade III or IV hemorrhagic cystitis (inpatient medical or surgical therapy, respectively) [13] .
The absence of hematuria for men after HBO therapy was 50% (11/22). Forty-four percent of patients had resolution of hematuria without recurrence after the first 30-session treatment of HBO, and an additional 3 patients had resolution after a second course of HBO. Five men (23%) needed urinary diversion, 3 of whom needed nephrostomy tubes prior to HBO treatment and 2 patients were diverted due to fistulae.
Patients were divided into resolved (n = 11) and persistent (n = 11) after HBO. No difference in age, ethnicity, smoking pack/year, BMI, amount of radiation received, primary or salvage radiation was noted. A significant difference was noted between RTOG grade (I-V) of hematuria and response to HBO therapy (p = 0.026) (figure 1). The median follow-up was 2.2 years (0.35-13.6) with no difference between groups (p = 0.178). We discovered a trend of increased transfusions in the persistent group (3.7 vs. 3.1 U; Mann-Whitney p = 0.062). Only 1 person (4.5%, 1/22) was categorized as having severe hemorrhage (>6 U), and 54.5% (12/22) were moderate (1-6 U) and also did not show to predict HBO response (p = 0.155). In the logistic regression controlling for age, previous prostatectomy, pack/year smoking history, and Gleason grade, a lower RTOG stage of hematuria was associated with resolution of hematuria after HBO (OR 0.175, range 0.031-0.972; p = 0.023).
Median PSA for 21 patients with complete data was 0.36 ng/ml (range 0-15.8) prior to HBO therapy (median time prior to therapy 62 days, range 14-467). Following HBO therapy, median PSA was 0.60 ng/ml (range 0-92.5) with a median follow-up time of 127 days (range 38-725). Median change in PSA was 0.20 ng/ml (range 2.8-88; Wilcoxon signed-rank test, p = 0.014). To control for subjects with a high risk of progression, we classified the sub- Figure  2 shows PSA (ng/ml) over time with day zero set at the start date of HBO therapy in order to observe PSA per patient over time.
Discussion
HBO therapy hypothetically treats radiation-induced cystitis by causing neovascularization and increasing oxygen tension [7] . The resolution after HBO therapy was 50% (11/22) and was associated with the modified RTOG grade of hematuria. If a clot evacuation or diversion (RTOG stage IV) is necessary to treat the hematuria, the chance of resolution of hematuria after HBO therapy is significantly diminished.
HBO therapy has been reported to have excellent response rates; however, the classification that identifies those factors associated with 'success' is limited. Corman et al. [8] reported a cure rate of 86% in one of the largest series reported on this topic; unfortunately, the severity of the pre-HBO hematuria was not clearly defined.
Hwang and Heath [14] tempered the success rate showing that patients needing a large number of transfusions may not be successfully treated with HBO. They described three groups of patients that responded to HBO therapy: responders, mild hematuria recurrence, and un- responsive. Despite the reservation, they reported a 92.5% success rate with HBO therapy. Other groups also reported very high success rates with HBO for radiationinduced cystitis with varying severity of hematuria [15, 16] . More recent reports demonstrate more guarded results [9] . Our results suggest that HBO may have improved results in patients with milder hematuria and may be less successful in more significant hematuria. These findings can assist physicians in discussing treatment options with the patient and the projected success of HBO therapy. However, the discussion must include the explanation that the natural history of radiation-induced hematuria is not fully known and hematuria may resolve without any treatment. Estimates of approximately USD 500 per session with the typical 30-session initial series for radiationinduced hematuria up to a cost of USD 20,000 have been projected [8] . Therefore, identifying patients who are less likely to benefit from HBO therapy in order to avoid costly additional therapy is important. Moreover, this highlights a significant gap in practice patterns and evidencebased medicine. Randomized clinical trials incorporating both cost and grade of hematuria are needed to adequately define the utility of HBO in this cohort of patients. The ability to perform such a trial is likely to encounter difficulty with funding and slow accrual for this rare event, nonetheless should be attempted.
Another concern with HBO therapy is the delivery of oxygen to those patients with cancer and the potential for tumor growth. Prostate cancer tumor growth had been a concern due to an animal model experiment finding HBO delivery to LNCaP cells could induce the cell cycle causing cell growth [17] . However, other in vivo mouse models involving LNCaP (indolent) and PC3 (advanced) prostate cancer cell lines showed no increase in tumor growth [18, 19] . In addition, a review article by Feldmeier et al. [11] concluded that most clinical and animal studies showed no cancer growth with HBO exposure. In human clinical evaluation, Daruwalla and Christophi [20] reviewed the HBO effects in various malignancies showing no effect on tumor growth and hypothesizing that the angiogenic activity is more likely induced by hypoxia. According to our evaluation, the PSA did not substantially increase over the course of HBO therapy when evaluating low-and high-progression risk groups. Limitations of this study include the small sample size and retrospective nature of our study. While the population size is low, the cohort represents a 10-year, purely prostate cancer population treated with radiation therapy with a rare side effect of radiation. The follow-up after HBO also was slightly shorter in those we defined as resolved hematuria, though not statistically significant. This could cause a follow-up bias; however, our IRB was only for chart review, so patients could not be contacted and may have presented outside the Veterans Affairs Healthcare system. Evaluating PSA in patients with previous radiation therapy is exceedingly difficult with the added complexity of intermixed patients receiving hormonal ablation therapy. We included men on androgen deprivation therapy for two reasons: small overall numbers and some men progressing to androgen-independent cancer, which should also be evaluated.
Conclusion
The modified RTOG grading system for morbidity applied to hematuria severity is associated with outcomes of HBO therapy in patients with prostate cancer. HBO did not seem to significantly influence PSA values in patients with prostate cancer treated with external beam radiotherapy. Randomized studies regarding HBO therapy for radiation cystitis are needed.
